Abstract Two new drugs-vemurafenib, a selective BRAF inhibitor (BRAFi), and ipilimumab, an anti-CTLA4 monoclonal antibody-were approved by the FDA in 2011 and have demonstrated a survival benefit in the treatment of metastatic melanoma. Cutaneous side effects are common with both medication classes, occurring in up to 92 % of patients treated with BRAFis, and up to 69 % of patients treated with anti-CTLA4 therapy. Cutaneous eruptions associated with BRAFis include benign and malignant squamous and melanocytic proliferations, photosensitivity, morbilliform eruptions, diffuse keratosis pilaris, Grover's disease, seborrheic dermatitis, panniculitis, hand-foot skin reaction, epidermal cysts, and hair changes. Dermatologic findings associated with anti-CTLA4 agents include morbilliform eruptions, hair depigmentation, vitiligo, and alopecia areata. Given the array of skin eruptions occurring in melanoma patients receiving these agents, the role of the dermatologist in monitoring and treating these patients is paramount.
Introduction
BRAF is a serine/threonine kinase component of the RAS/RAF/MEK/ERK signaling cascade, also known as the mitogen-activating protein kinase (MAPK) pathway, involved in cellular proliferation and differentiation. At least 50 % of all melanomas harbor an activating BRAF gene mutation, with a V600E substitution (valine ➔glutamic acid at position 600) occurring in the majority of cases [3, 4] . A V600E-BRAF mutation causes sustained activation of the MAPK pathway, resulting in cellular hyperproliferation [1] .
The discovery of V600E-BRAF mutation in melanoma [3] , and the ability to target this mutation therapeutically, has revolutionized the treatment of metastatic melanoma. In August 2011, V600E-BRAF targeting agent, vemurafenib, was approved by the Federal Drug Administration (FDA), and is becoming the standard of care for patients with V600E-BRAF-containing metastatic melanoma [5, 6] . Other selective BRAFis may be approved in the near future, including dabrafenib, which is completing phase III trials for use as a monotherapy, and as combination therapy with MEK inhibitor, trametinib [7, 8] . With the increasing use of BRAFis, and the introduction of combination therapies targeting different components of the MAPK pathway, it will be important for dermatologists to recognize the cutaneous side effects that occur in up to 92 % of patients treated with BRAFis [9••] . Specific reactions are discussed in detail below.
Squamous Proliferations
Cutaneous Squamous Cell Carcinoma (cSCC) and Keratoacantoma (KA)
BRAFi-induced cSCCs present as KA-like exophytic nodules [10] , inflamed verrucous papules [11••] , or pink/red thin plaques [12••] ; occurring most commonly on the extremities [9••, 13••, 14] (Fig. 1A) . They can present with or without tenderness, and as single or multiple lesions [9••, 11••, 12••] . Risk factors for developing BRAFi-associated cSCC are unclear; however, a history of non-melanoma skin cancers [13••, 14] and an older age [11••] have been reported.
The mechanism underlying the formation of BRAFiassociated cSCCs is an area of active investigation. It is thought that BRAFis paradoxically activate MAPK signaling in cells that contain wild-type BRAF by increased signaling through CRAF when BRAF is inhibited [15] . Recently, it has been shown that RAS mutations are present at a higher rate in BRAFi-associated cSCCs compared with conventional cSCC (30-70 % compared with 3.2 %) [14, 16, 17] , with a mouse model demonstrating accelerated onset of cSCCs in the setting of cutaneous HRAS mutation and vemurafenib [14] . Thus, in the setting of BRAFi therapy, pre-existing RAS mutations in keratinocytes (resulting from ultraviolet damage and/or viral infection) seem to play an important role in the development of cSCCs.
Histologically, BRAFi-associated cSCCs may be in situ or invasive, and often with a KA-type architecture [13••, 18•] . BRAFi-associated KAs differ histologically from conventional KAs in that they lack the classic KA finding of neutrophilic/eosinophilic microabscesses [13••] (Fig. 1B) .
In clinical trials and subsequent dermatology-reported cohorts, cSCCs and KAs are reported to occur in 18-33 % of patients treated with vemurafenib, 6-20 % with dabrafenib, and 2-11 % with dabrafenib/trametinib combination (Table 1) , with the median time to onset being 8 weeks (2-36 weeks) [5, 19] and 9.5-16 weeks [9••, 20] , respectively, for vemurafenib and dabrafenib, with even greater delay in onset with combination BRAF/MEKi therapy [21•] .
To date, no studies have been performed to compare the efficacy and safety of different modalities for treating cSCC in the setting of BRAFi therapy. All clinical trials utilized excision of cSCCs. Subsequently, anecdotal treatment algorithms [11••, 22 •], and cases of successful treatment with non-surgical modalities have been reported (Table 2) .
There is consensus among investigators that regular monitoring with routine full body skin exams is necessary [9••, 11••] , and promisingly, the addition of MEK inhibitors have been shown to reduce the frequency of cutaneous toxicities, including cSCCs/KAs [8] .
Verrucous Keratoses (VKs)
Verrucous keratoses (VKs) (also referred to as warts, skin papillomas, and verrucous keratoses in the literature) are flesh-to-light pink colored verrucous papules that occur most commonly on the cheeks and nose [13••] , and sometimes in an eruptive fashion [11••] . They may resemble warts, small KAs, or non-specific hyperkeratotic papules [9••] (Fig. 1C) .
Like cSCCs, VKs occur on both sun damaged and nonsun damaged skin [9••] , and more commonly in older individuals (mean age 59) compared with younger individuals (median age 39) (p = 0.009) [ Although most authors consider them to be benign entities, it has been suggested that they may instead represent a pre-malignant precursor to cSCC (Fig. 1D) .
In clinical trials and subsequent dermatology-reported cohorts, VKs are reported to occur in 29-82 % of patients treated with vemurafenib, 15-49 % of patients treated dabrafenib, and 4-17 % of patients treated with combination dabrafenib/trametinib (Table 1) , with a mean onset of 11 weeks (peaking at 6-12 weeks) [9••] . Of note, in dabrafenib phase I-III clinical trials, benign keratoses were collectively reported as "hyperkeratosis" (which included acanthomas, acrochordons, actinic keratoses, seborrheic keratoses, and hyperkeratosis, lichenoid keratosis, keratosis pilaris, and palmoplantar dysesthesias), preventing accurate assessment of the frequency of these entities [7, 20, 24] .
Evidence-based treatment recommendations and prognosis for BRAFi-induced VKs is scant. A few reports of institution-specific treatments have been reported (Table 2) . In our experience, having a low threshold for diagnostic skin biopsy is prudent, given the clinical similarities of cSCCs and VKs.
Hypertrophic Actinic Keratoses (hAKs)
Hypertrophic Actinic Keratoses (hAKs) clinically overlap in appearance with VKs and verruca vulgaris. hAKs were not noted in vemurafenib clinical trials, and similar to VKs, were reported collectively with other cutaneous findings as "hyperkeratosis" in dabrafenib trials [7, 24] . In clinical trials and subsequent dermatology-reported cohorts, hAKs are reported to occur in 7-40 % of patients treated with vemurafenib, 10 % of those treated with dabrafenib, and 22 % of patients treated with combination dabrafenib/trametinib (Table 1) , with no reports regarding time to onset. Some authors note that hAKs may be overdiagnosed in the setting of BRAFi therapy [9••] . Alternatively, Vks, Vks with atypia, hAKs, and KA/cSCC may represent a spectrum. Published recommendations are scarce for the treatment of hAKs in the setting of BRAFi therapy (Table 2) .
Seborrheic Keratoses (SKs)
Seborrheic keratoses (SKs) are waxy, "stuck-on," benign squamous epidermal growths that range in color from dark brown to pink/white. SKs were reported to occur in all dabrafenib phase I-III studies, classified under "hyperkeratoses" [7, 24] (Table 1) [25•] . In dabrafenib trials, 1.6 % (3/187) of patients were reported to develop new primary melanomas [7] . In clinical trials and subsequent dermatology-reported cohorts, 1-32 % of patients were reported to develop new nevi among dabrafenib-treated patients (Table 1) .
Interestingly, new nevi and primary melanomas that arise in the setting of BRAFi-therapy consistently lack the V600E-BRAF mutation-in contrast to de novo acquired nevi in the general population where this mutation is found to occur in up to 80 % of lesions [25•, 26••] . Haenssle et al. characterized three major pattern changes on dermoscopy in dynamically changing nevi, which were hypothesized to correlate with BRAF mutational status. These pattern changes included: 1) involuting nevi; 2) darkening/enlarging nevi; and 3) multiple nevi. The latter two patterns were found to contain WT-BRAF, with the first pattern of involution hypothesized to occur due to those nevi harboring the V600E-BRAF mutation [27•].
Although not explicitly stated in the literature, it is assumed that re-excision of melanoma and severely dysplastic nevi occurred in clinical trials (Table 2 ). There is consensus that all patients should have careful skin evaluations prior to and during BRAFi therapy by a dermatologist [27•, 28, 29] , with frequent surveillance of patients with preexisting atypical nevi or very sun damaged skin [29] . It has been suggested that skin monitoring 
Basal Cell Carcinoma (BCC)
In the setting of BRAFi therapy, basal cell carcinomas (BCCs) have been reported to occur in 6-13 % of patients treated with vemurafenib, 2-5 % with dabrafenib, and 6 % with dabrafenib/trametinib combination ( In clinical trials and subsequent dermatology-reported cohorts, photosensitivity is reported to occur in 12-80 % of patients treated with vemurafenib, 0-3 % with dabrafenib, and 17 % with dabrafenib/trametinib combination ( Table 1) .
There is consensus among authors that counseling sun avoidance and photoprotection with a broad-spectrum UVAprotective sunscreen is important [ Table 2) .
Rash
In clinical trials and subsequent dermatology-reported cohorts, "rash" was reported to occur in 18-70 % of patients treated with vemurafenib, 4-36 % with dabrafenib, and 20-27 % with dabrafenib/trametinib combination (Table 1) , often with a mean onset to appearance of 1-2 weeks after starting therapy [11••] . A proportion of patients have concomitant pruritus (29 %), and not uncommonly develop fevers and arthralgias (43 %) [11••] .
It is likely that reports of "rash" in clinical trials were over simplified, as subsequent reports of eruptions-including hypersensitivity/morbilliform eruptions, keratosis pilaris-like eruptions, acantholytic dyskeratotic eruptions (Grover's disease), panniculitis, and hand-foot skin reaction/palmar-plantar hyperkeratosis-have all been reported in the literature. Many of these clinically reported eruptions might represent spectrums of the same entity with similar histopathologic findings. For example, Sinha et al. subcategorized BRAFi-induced rashes as hypersensitivity/morbilliform eruptions versus exaggerated keratosis pilaris (KP)-like eruptions, with biopsy results demonstrating mild perifollicular and perivascular lymphocytic inflammation, with few eosinophilis in both [11••] . However, these eruptions have only recently begun to be classified histologically, and two cases of BRAFi-associated lichenoid drug eruption have been noted [18•] . Further evaluation and classification clinically and histologically is needed.
In the literature, dose interruption for 7-11 days [10, 11••, 31••], followed by restarting BRAFi at a lower dose, has been shown to reduce rash severity [11••] Table 2) .
Morbilliform Eruption
Sinha et al. described this eruption as "toxic erythema-like," clinically appearing identical to a classic drug-induced morbilliform eruption [11••] . There is conflicting opinion as to whether this eruption is due to a hypersensitivity reaction or rather to up-regulation of alternative signaling pathways. Sinha et al. reports the latter, as patients were able to restart drug at a reduced dose, with a lack of severe reactions such as systemic drug hypersensitivity (e.g. DRESS syndrome) or Stevens-Johnson syndrome (SJS)/Toxic epidermal necrolysis (TEN) [11••] . However, one case of SJS and one case of TEN, and cases of anaphylaxis in which drug continuation was not possible, were reported in the vemurafenib package insert [6] . In contrast, Harding et al. found a higher incidence of vemurafenib-induced morbilliform eruption (9/13, 69 %), with hypersensitivity pattern on skin biopsy, in patients previously treated with ipilimumab [31••] . A greater severity and earlier onset was noted when vemurafenib was received within 4 weeks of ipilimumab use [31••] . Similarly, in a report of BRAFi-induced panniculitis, the presence of concomitant morbilliform eruption correlated with previous ipilimumab therapy [32•] . It has been hypothesized that a reduction of T cell inhibition by ipilimumab may predispose patients to hypersensitivity skin reactions with vemurafenib [31••] . However, similar to the report from Sinha et al., eruptions resolved within 11 days of treatment interruption, with treatment re-initiation at lower doses without recurrence, and no reported impact in those treated with systemic corticosteroids [31••] (Table 2) .
Keratosis Pilaris (KP)-Like Eruption
Keratosis pilaris (KP) is a common, benign cutaneous eruption characterized by erythematous-to-flesh colored keratotic, folliculocentric papules, most commonly on the extensor limbs. The dabrafenib phase III open label trial was the only clinical trial to note acquired KP in association with therapy, although the frequency was not reported [7] . Over the last year, there have been three dermatologic reports of diffuse or generalized KP-like eruptions in the context of vemurafenib or dabrafenib therapy [ Table 2) .
Truncal Folliculocentric Eruptions with Acantholytic Dyskeratosis on Histology
This eruption-manifesting as erythematous, scaly, 2-3 mm scattered papules, with or without crusting (Fig. 1F) , characterized histologically as an acantholytic process with dyskeratosis ( Fig. 1G) -has been reported with increasing frequency in the context of BRAFi therapy over the last year. Clinically and histologically, the eruption has been likened to Grover's disease (i.e. transient acantholytic dermatosis), an acquired pruritic, follicular eruption that occurs most commonly across the chest in middle-aged men. Similar to true Grover's disease, BRAFi-associated eruptions are asymptomatic to slightly pruritic, occurring more commonly in males than females (10:1), with a median age of 54 years (range, 30-83) [ 
Follicular Papulopustular Eruption
A papulopustular eruption has been reported by a single cohort group, in which 6.7 % of patients treated with vemurafenib, and 16.7 % of patients treated with combination dabrafenib/trametinib, developed these skin changes [21•] . This eruption is similar to EGFR-induced papulopustular eruption. A shared origin is hypothesized as a higher incidence is noted with the addition of a MEK inhibitor or with monotherapy MEK inhibitor [21•] . The treatment for this reaction mirrors the treatment algorithms recommended for EGFR inhibitors, including doxycycline, emollients, and topical corticosteroids [35] . Although Sinha et al. reported both patients in their cohort being treated successfully with drug interruption then dose reduction, the authors suggest a treatment protocol for BRAFi-induced panniculitis that includes referral to dermatology for advice on the diagnosis and treatment, skin biopsy and blood tests; analgesics (paracetamol, NSAIDs), emollients and topical steroids; consideration for oral steroids; and consideration for interrupting BRAFi [11] (Table 2) . [7, 8] , and palmar-plantar erythrodysesthias [7, 19] . In clinical trials and subsequent dermatology-reported cohorts, this palmoplantar eruption was reported to occur in 6.3-12.5 % of patients treated with vemurafenib, 7-30 % with dabrafenib, and 0-9 % with dabrafenib/trametinib combination (Table 1) . Very little has been reported regarding time to onset of HFSR/palmar-plantar hyperkeratosis. Huang et al. reported the development of calluses and tenderness on plantar skin within the first month of vemurafenib therapy [12••] .
Clinically, BRAFi-induced palmar/plantar eruptions have been reported to range from isolated tender heels [11••] , to mild asymptomatic hyperkeratosis at areas of pressure, to an entity often described with sorafenib therapy termed "handfoot skin reaction" (HFSR) [ Although the term "palmar-plantar erythrodysesthesias" (PPE) has also been used in clinical trials to describe this BRAFi-induced entity [7] , consensus among dermatologist authors [9••, 21 •] is that PPE is a different entity, reserved for the palmoplantar eruption occurring in the context of traditional chemotherapy agents, also referred to as "toxic erythema of chemotherapy" [38] , characterized by diffuse palmoplantar edema, erythema, occasional blistering desquamation, and dysesthesias. In our experience, although erythema is noted in association with the hyperkeratosis in patients on BRAFi therapy, the overall reaction has been noted to be less inflammatory and diffuse than traditional toxic erythema of chemotherapy or multi-kinase inhibitor-induced HFSR. To date, BRAFi-induced HFSR/palmar-plantar hyperkeratosis has not been evaluated histologically.
Spontaneous improvement (of pain, hyperkeratosis, or both) has been noted by authors in the absence of treatment interruption or additions [ Milia-like epidermal inclusion cysts were not reported in clinical trials. Among subsequent dermatology-reported cohorts, milia-like cysts are reported to occur in 7-26 % of patients treated with vemurafenib, 20 % with dabrafenib, and 0 % with dabrafenib/trametinib (Table 1) , with a single case report citing time to onset of 4 months [12••] .
In most reports, facial cystic lesions were not treated [21•] , with reports of self-resolution [12••] . However, Boyd et al. reports a case of improved scalp lesions after 8 weeks of using a topical retinoid, and a case of improved facial lesions after 8 weeks of taking acitretin 10 mg daily [22•] (Table 2) .
Hair Changes

Alopecia/Increased Hair Loss
BRAFi-induced alopecia has been described as generalized thinning of scalp hair, with some reports of thinning of body hair [11••] . In clinical trials and subsequent dermatologyreported cohorts, alopecia was reported to occur in 36-70 % of patients treated with vemurafenib, 1-34 % with dabrafenib, and 5-9 % with dabrafenib/trametinib combination (Table 1) , with the mean time to onset of approximately 134 days in one report [11••] . No treatments were reported in the literature.
Follicular Erythema and Hyperkeratosis
Anforth et al. reported 9 % (4/41) of patients developing follicular erythema and hyperkeratosis among a cohort of dabrafenib-treated patients [9••] . However, it is unclear if this was referring to scalp follicles, representing a lichenplanopilaris-like picture, or whether this observation was more consistent with a KP-like eruption as described above.
Curly Hair
Although not reported in clinical trials, patients with straight hair developing curly hair as a result of a selective BRAFi has been reported in 17 % (7/41) of patients receiving dabrafenib [9••] . Similarly, in our clinical practice we have observed this finding (unpublished data), with hair relaxation occurring following unrelated discontinuation of therapy. It is unclear if this curling of the hair is reversible following discontinuation of therapy.
Anti-CTLA4 Agents
Introduction
Cytotoxic T lymphocyte-associated antigen 4 (CTLA4) is a protein that is expressed on the cell surface of activated T cells. The primary function of CTLA4 is to down-regulate T cell activation. Specifically, CTLA4 on activated T cells binds to co-stimulatory molecules (B7-1 and B7-2) on antigen presenting cells (APCs), blocking the production of IL-2, and leading to the arrest of T cell activation [2] . Regulatory T cells (Tregs) express CTLA4 at a much higher frequency (50 %, compared with < 1 % of naive CD4+ T cells), and their inhibition likely play a significant role in augmenting the T cell immune response in the setting of anti-CTLA4 therapy [2] . Under physiologic conditions, this regulatory mechanism is important for preventing excessive T cell mediated inflammation and autoimmunity; however, in the treatment of malignancy an enhanced and prolonged anti-tumoral T cell response is desirable [2] . Ipilimumab and tremelimumab are humanized monoclonal antibodies against CTLA4 that enhance T cell mediated anti-tumor response. Ipilimumab was the first drug of this class to show a survival benefit in the treatment of metastatic melanoma and was approved by the FDA in March 2011 [39, 40] . Although tremelimumab was found to have similar efficacy and side effect profile with ipilimumab, there is no plan for approval of tremelimumab to treat melanoma at this time [41] .
The unique mechanism of action of anti-CTLA4 therapies differentiates them from standard chemotherapy or V600E-BRAF inhibitors, in that they target the immune system rather than the tumor itself, with the goal of overcoming immune tolerance in the setting of malignancy [2, 42••] . As a result, the main toxicities of anti-CTLA4 agents are autoimmune in nature. Although any organ can be affected, the most frequent immune-related side effects include: dermatitis (pruritus, rash, and vitiligo), colitis or hepatotoxicity, endocrinopathies, and neuropathies [43] . An increase in ANA and rheumatoid factor levels have also been noted, although the induction of generalized systemic autoimmunity does not typically occur [39, 44] .
In the setting of ipilimumab monotherapy, immune-related cutaneous toxicity was reported to occur in 35-69 % of patients during clinical trials (Table 1) , with an onset ranging from a few weeks to 10 months [44-46, 47••] . In clinical trials, these toxicities were sub-classified as rash, vitiligo, and pruritus [39] , with subsequent reports of alopecia areata [42••] and hair depigmentation [47••] . Although anti-CTLA4 cutaneous toxicities are frequent, very little has been reported by dermatologists characterizing these eruptions.
Rash
In clinical trials and a subsequent dermatology-reported cohort, "rash" is reported to occur in 14-68 % of patients (Table 1 ) with 12 % (65/520) being of moderate severity and 2.5 % (13/520) considered life-threatening [40] . The time to onset for ipilimumab-induced rash varies in the literature from 1-4 weeks [44] [45] [46] 48 ] to a median time of 30 days (ranging 3-65 days) [42••] . Of note, nearly 50 % of eruptions were noted following the first dose [42••] . The eruption has also been reported to occur very early in therapy or after therapy has ended, with the potential to worsen after each dose in some reports [49] .
Clinically, the rash associated with anti-CTLA4 therapy has been described as a classic drug-induced morbilliform eruption. It is described as discrete, pruritic, pink-to-red, 2-4 mm erythematous papules that typically coalesce into thin plaques on the trunk and extremities [42••, 50•] . The eruption is more commonly located on proximal extensor limbs, followed by the trunk and distal extremities, with only occasional head and neck involvement, sparing the palms and soles [42••] .
Histologically, anti-CTLA4 eruptions have also been likened to classic morbilliform drug eruptions in that they typically demonstrate a lymphocytic perivascular (and occasionally peri-adnexal) [ Hence, it has been suggested that anti-CTLA4 associated eruptions may appear clinically heterogeneous, but with a similar histologic pattern of hypersensitivity [50•] . However, at our institution, we have observed one biopsyconfirmed case of ipilimumab-induced neutrophilic dermatitis consistent with Sweet syndrome that presented 1.5 weeks after ipilimumab initiation, and a case of reactions at the site of a previous skin graft (personal communication from Junko Takeshita, M.D.). Furthermore, life-threatening eruptions have also been reported, with one death due to toxic epidermal necrolysis (TEN) [40] .
The most common associations to occur with the anti-CTLA4 eruption are pruritus (ranging from mild to severe [42••] with occasional burning or pain [42••, 51] ), and a peripheral eosinophilia (ranging from a 3-16 fold increase) [42••, 50•] . No associated fevers or other systemic manifestations have been described. However, some authors have noted that cutaneous manifestations may predate other organ involvement [48] . Risk factors for developing anti-CTLA4 cutaneous dermatitis are unclear. There appears to be no association between a history of atopic dermatitis or psoriasis and the onset of eruption [42••] . However, potential risk factors may include: combination ipilimumab therapies (including dacarbazine [52] , vaccines [39] , or vemurafenib [31••] ); male sex (7:2 male to female ratio) [42••] ; or a history of cutaneous reactions to other medications (44 % in one cohort) [42••] .
Median time to improvement to grade 1 or resolution has been reported to be 3.3 weeks [46] , although it is unclear if this is in the setting of treatment or self-improvement. Few reports of successful treatments have been published, but include the following: topical steroids and topical antipruritics [49] , treatment interruption along with either symptomatic treatment (emollients and diphenhydramine) [42••] , or with a 30-day prednisone taper [51] . Monotherapy with diphenhydramine [53] , a 2-week prednisone taper [50•] , or complete discontinuation, have also been reported as successful. Only one treatment failure with the use of diphenhdramine and topical steroids has been reported [51] . Please refer to Table 2 for a consolidated empiric treatment algorithm from the literature.
Pruritus
In clinical trials and a subsequent dermatology-reported cohort, pruritus was the most frequent toxicity, occuring in 19-31 % of patients treated with ipilimumab (Table 1) , typically 3-6 weeks after treatment initiation [39, 43] . Anti-CTLA4-induced pruritus is described to range from mild to severe in severity [42••] . No treatment modalities focused on treating pruritus are reported in the literature, but can be extrapolated from treatment reports for anti-CTLA4-induced eruptions.
Vitiligo and Hair Depigmentation
In clinical trials and subsequent cohorts, vitiligo and/or diffuse hair depigmentation are reported to occur in 2-14 % of patients treated with ipilimumab or tremelimumab [39, 47••] , with a median time to depigmentation of 10 months [47••] . Clinically, six cases of sudden hair depigmentation have been described. All cases started with eyebrow depigmentation that progressed to either complete body hair depigmentation or the development of diffuse vitiligo [47••] . In this same cohort, hair depigmentation or diffuse vitiligo was strongly associated with the development of other immune-related toxicities (e.g. rash, pruritus, diarrhea, or hypophysitis) and a durable response to therapy [47••] . In contrast to the development of diffuse vitiligo, localized vitiligo appearing preferentially around cutaneous metastases of melanoma has also been reported [54] . No specific treatment modalities have been reported in the literature.
Alopecia Areata
There were no reports of alopecia areata occurring in ipilimumab clinical trials. However, in a subsequent dermatologic cohort 1.6 % (1/63) of patients treated with ipilimumab were reported to develop near-total non-scarring alopecia of the scalp, eyebrows, face, pubic region, and trunk, with a time to onset of approximately 50 days [42••] . Histologically, a diagnosis of alopecia areata was confirmed on scalp biopsy, demonstrating predominantly CD4+ peri-bulbar T cells and only scant CD8+ cells [42••] . Two months after treatment interruption, no improvement was noted [42••] . Otherwise, no other treatment modalities have been reported in the literature.
Conclusion
The treatment of metastatic melanoma has vastly changed over the last few years with the initiation of V600E-BRAF inhibitors and anti-CTLA4 agents. Given the widespread use these drugs in an outpatient setting, the role of outpatient dermatologists in monitoring and treating these eruptions will expand.
